Field evidence suggests that biogenic sediment movement influences the distribution of infauna but also that biogenic processes account for only a small proportion of total sediment movement. This difference may be due to biogenic additions to the sediment or the mode of biogenic vs. physical deposition or to calculation of the biogenic effect as inappropriately scaled temporal and spatial averages. Spatial persistence of biogenic effects over time would bias such averages. Individuals of the arenicolid polychaete Abarenicola pacijca can be sized and mapped by the diameter and position respectively of their fecal coils. Their spatial distributions show significant clumping. Both individuals of A. pacifica and their biogenically disturbed patches have considerable spatial persistence over time. Individuals remained in the same spatial location for up to 12 d. Over 50% of all patches of biogenic sediment disturbance persisted for at least the 16-d observation period, and the patches were highly localized. Thus spatial and temporal averages may be inappropriate for determining the importance of biogenic effects, due to nonuniform distribution of individuals and their spatial and temporal persistence.
A common phenomenon in sedimentary environments is biogenic alteration of the sediments by infauna, including defecation, burrowing, tube building, feeding, and irrigation. In some habitats biogenic alterations affect the erodibility of the sediments (Luckenbach 1986; Meadows and Tait 1989) , the distributions of grain sizes (Rhoads and Stanley 1965) , and the concentrations of pore-water constituents (Aller 1982) . Biogenic alterations also can affect the distributions of the infauna. For example, burrowing and defecation can affect infaunal recruitment patterns (Wilson 198 1; Posey 1986; Smith et al. 1986 ); infaunal secretions can alter the chemical constituents of the sediment (Ring 1986; Woodin et al. 1987) , potentially affecting patterns of recruitment (Highsmith 1982; Woodin 199 l) , and biogenic structures can alter the ability of individuals to burrow through the sediment (Ronan 1975;  ' Corresponding author.
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19 8 2). Biogenic modifications therefore appear to affect the distribution and abundance patterns of infauna.
Perhaps the best-documented biogenic modification is the translocation of sediments by infauna during feeding and defecation. The data suggest that defecation by large infauna such as arenicolid polychaetes and infaunal holothurians has a negative effect on other infauna, causing reduced growth rates, reduced recruitment, and increased emigration (Rhoads and Young 197 1; Brenchley 198 1; Wilson 198 1) . Not all organisms respond negatively (e.g. some harpacticoids : Thistle 1980) but the majority of the infauna do. The increased rates of emigration and reduced rates of recruitment suggest that organisms can detect biogenic sediment movements against the background of physical sediment transport. However, in many cases the amount of sediment moved by organisms, both removed and deposited, is several orders of magnitude lower than the amount of sediment deposited or eroded by physical processes like waves and currents over the same time period (rays : Grant 1983 ; arenicolid and spionid polychaetes: Miller and Sternberg 1988 ; but see Grant 1983 on sediment movement by paraonid polychaetes). If the quantity of sediment moved by a process is an indication of the significance of that process to the distributions of the organisms (e.g. Nichols et al. 1978; Turk and Risk 198 l) , then biogenic effects should be trivial relative to physical pro-509 cesses. They are not (Brey 199 1) . Thus, we are either not measuring the biogenic rate properly or other biogenic effects such as pelletization (Levinton and Lopez 1977; Miller and Jumars 1986) , release of secretions (King 1986 ), etc., enhance the effect of biogenic sediment movements.
One obvious problem with our measurement of sediment movements is that sediment alterations by biogenic and physical forces are averaged over the same spatial and temporal scales. The validity of this scaling assumption is not apparent (Eckman 1979) . Infaunal distributions may not be uniform, rather they may be spatially and temporally persistent within a given location. A true measure of the biogenic importance of an organism may thus require measuring both the areal extent of the influence of that organism (e.g. the area covered by its feces at each deposition event) and the temporal persistence of the individual spatially. Averages which include large areas of mixed or nonuniform populations or short time frames may not truly reflect the influence of an organism at a given location. Unfortunately, the spatial and temporal persistence and spatial pattern of sediment-altering organisms are very poorly known.
The effects of disturbance on organisms can be divided into two types: those important during recruitment of larvae-juveniles and those important after the infaunal individual has become established in the habitat. For recruiting juveniles and larvae, the definition of the relevant time and space scales may be less organism-dependent than those for established individuals.
Newly metamorphosed macroinfaunal juveniles of most species are similar in size (250-750 pm long) and respond rapidly (within minutes) to local disruptions (Carriker 196 1; Woodin and Marinelli 199 1) . For new recruits the primary phenomena of interest are the size of the disturbed area and its persistence. For established infauna, the relevant time and spatial scales depend on the lifespan, typical ambit, and habits of the organism being impacted.
Spionid polychaetes, for example, are common and abundant members of the infauna, often exceeding 50,000 rnA2 (Levin 198 1; Wilson 198 1) . They reach reproductive maturity in a month (Anger et al. 1986; Levin and Creed 1986) and are eaten by a variety of fish and other predators (DeGroot 197 1; . For spionids, spatial persistence of the defecation site of an arenicolid polychaete (-100 times the volume of the spionid) for 1 week is a qu,arter of its prereproductive period and may be as much as a quarter of its reproductive period. Spionids move in response to such disruptions (Wilson 198 1). Each fecal mound of an arenicolid is at minimum l-3 x the body length of the spionid.
In contrast, many of the nereid polychaetes that coexist with the spionids and the arenicolids live 1 or 2 yr (Johnson 1943) and are of approximately the same size scale as the arenicolids. Persistence of 1 week thus represents only l-2% of the life of a nereid and the size of the area covered by the fecal mound is small relative to the size of the nereid. Only large patches of arenicolids will have the same scale effect for nereids as single arenicolids do for spionids.
Given a persistent patch of arenicolids, the hab:itat has been reduced in size for organisms negatively affected, such as spionids, and enhanced for those attracted to fecal mounds such as some harpacticoid copepods (Thistle 1980) . In this sense biogenic disturbances that are spat ially persistent should affect organism distributions in a manner similar to other persistent discontinuities in habitats, whether physical (Eckman 1979) or biogenic (e.g. deep-sea cirratulid mounds: Thistle and Eckman 1988, or shallow-water patches of dense tubes: Woodin 1978; Bailey-Brock 1979) .
In this paper we examine biogenic alterations that are caused by the infauna and ask what are the relevant spatial and temporal scales. Two phenomena that would cause errors in the spatial averaging approach are spatially clumped distributions of organismal activities and temporal persistence of individuals or their effects within a spatial location. For organisms that remain in the same location, the probability increases that biogenic effects will be detectable in the field. Concurrently, however, the probability also increases that the effects will be spatially as well as temporally autocorrelated and thus a simple spatial average may be quite misleading.
Infaunal arenicolid polychaetes are ideal for examining the spatial and temporal scales over wh:ich biogenic modifications occur. They are large and easily located by their surface fecal mounds. They are common to both the Atlantic and the Pacific Oceans, occur at high densities, move laterally, and transport vertically large amounts of sediment during feeding and defecation (Cadee 1976; Beukema and de Vlas 1979) . We mapped the spatial locations of arenicolids for periods up to 16 d. We asked several questions. Are the arenicolids randomly distributed, evenly dispersed, or in clumps? Are all arenicolid individuals equivalent in terms of their activities regardless of size? Do arenicolids show spatial persistence so that the effects of their activities are superimposed repeatedly on the physical sediment movements in the same location? Are all areas within the arenicolid zone disturbed equivalently or are some more likely to experience sediment turnover?
Materials and methods
Study area-False Bay (48"29'N, 123'04'W) (San Juan Island, Washington) is near the Friday Harbor Laboratories of the University of Washington. The upper intertidal is dominated in terms of biomass by Abarenicola pacifica (Arenicolidae, Polychaeta) which actively reworks the sediments, leaving fecal mounds that are conspicuous at low tide (Hylleberg 1975) . The mounds have a characteristic coil, unique to the arenicolids in this habitat. The arenicolids are abundant in a zone extending from the edge of the intertidal to -0.8 m above MLLW. Our transects ran from 0.9 to 1.1 m above MLLW with a median grain size of 0.18 mm and 10% silt-clay. These sites crudely conform to station 1 of Pamatmat (1968) and the outer portion of the A. paczjka bed of Brenchley (198 1). They were chosen because arenicolids were abundant; physical forces were also obvious in that fecal piles were completely eroded at each tide change. In choice of study sites we attempted to use an area where both physical and biotic forces were obvious.
Mapping technique-Five transects, each 10 m long and -5 m apart, were established parallel to the mouth of the bay in the upper intertidal at a tidal height of + 1.0 m in 1989. Exposure times for all quadrats ranged from 6 to 9 h d-l during observation periods. Each transect contained four randomly placed 0.25 m2 quadrats marked with corner stakes. These quadrats were started on 25 June and ended on 20 August. Two other transects were established in 1990, one from 26 May to 6 June and the other from 20 to 25 June at the same tidal height as in 1989. Both transects were -10.5 m long with five quadrats (0.25 m2), each placed 2 m apart.
Observations were made during low tide for a 2-week period encompassing both neap and spring tides (25 June-12 July 1989); the X, Y coordinates of all fresh fecal mounds were recorded daily. The length, width, and height of each mound was measured, as well as the diameter of the fecal coil. The feces are typically extruded as a solid ellipsoid resembling a thick noodle which is deposited as a mound of coils. The "fecal coil diameter" is the thickness of a single coil or noodle. In the resulting mound the feces are coiled into a prolate spheroid. A single mound can contain coils from several defecation events, but the coils of individual defecation events are clearly distinguishable by their sharpness of outline. In 1990 only the mound location and diameter of each fecal coil were measured. The maps were used to estimate movement of individual worms and to document differences in spatial occupation of the quadrats by arenicolids. Only freshly extruded feces that had not begun to disintegrate were used. To determine whether individuals defecated more than once during a tidal exposure, we mapped all individuals from exposure to inundation on two dates. Over 85% of the 100 individuals mapped defecated within the first 2 h after tidal exposure. Of the 100 individuals mapped, 64% defecated only once during this period. Of the 36 individuals defecating two or more times, 78% did so within 2 h after emersion. All of our maps of fecal piles were made at least 2 h after tidal exposure to maximize the probability that we would count as many individuals as possible.
Using the locations of all fecal mounds in a quadrat, we calculated Morisita's index of dispersion (Poole 1974) . Only quadrats with > 15 fecal mounds were used; thus, our results may be restricted to areas where fecal pile density is ~60 m-2. In 1989 there were three such quadrats and five in 1990. The date of observation used was the one with the most fecal mounds present for that quadrat. Each 0.25-m2 quadrat was subdivided into equal-sized smaller quadrats to allow determination of clump size (Hubbell 1980 ). Fecal size relationships-A correlation was sought between the size of the worm and the characteristics of its fecal mound (fecal mound volume, planar area of the mound, and diameter of the fecal coil). In 1989 the length, width, and height of fresh fecal mounds and the diameter of the fecal coil were measured to the nearest 0.1 mm. The worm was then exhumed and its volume measured by displacement of seawater in a lo-ml graduated cylinder. The volume of a fecal mound and its area on the sediment surface were calculated, assuming the mounds were half of a prolate spheroid, and compared to the volume of the worm by regression. The volume of a fecal mound will be especially affected by how many times the worm defecated before measurement. During tidal and storm-induced water movements, previous fecal mounds are eroded; thus, fresh mounds measured during low tide consist of fecal depositions only during that period. Most worms defecated only once during low tide; however, 36% defecated more than once and their fecal volumes will be larger than expected, resulting in scatter around the regression. Dry weights, as well as volumes of worms, were measured in 1990. Individuals were dried to constant dry weight at 65°C. The relationships between the diameter off the worm's fecal coil and the volume and dry weight of the worm were also determined by regression. Finally, the relationship between the dry weight of the worm and its volume was analyzed by regression.
Laboratory measurements-In both 1989 and 1990 worms were collected near the field sites. The organisms were placed individually into l,OOO-ml plastic beakers filled with sediment from False Bay that had been put through a 0.5-mm sieve. The beakers with the worms were submerged in a running seawater table. Volumes of feces ( 1989 only), diameters of fecal coils (1989 and 1990) , and times of defecation (1989 and 1990) were recorded continuously for 4 h for each worm. The worms were then exhumed and their volumes ( 1989 and 1990) and dry weights (1990 only) measured as described above. A correlation was sought between volume and dry weight of the worm and the dimensions and average timing of defecation events in the laboratory. personal computers, version 6.04 (SAS 1990) . Prior to ANOVA the data were examined for both heterogeneity of variance and normality. No transformations were necessary. Simple linear regressions were used except where the relationship was expected to be a power function. Those regressions are indicated in the tex.t. The regressions reported all have slopes significantly different from zero.
Results
Worm size and fecal mound characteristics-To examine spatial persistence, we needed to verify that the worm producing the fecal mound was either the same worm or, at minimum, a worm of the same size at the same location. To do this, we determined the relationships of fecal mound area, volume, and fecal coil diameter to worm volume in an atternpt to establish a measure of worm size based on fecal mound characteristics.
'Worm volume was poorly correlated with both the volume of the fecal mound and the area3j2 of the sediment surface covered by the mound (volume: N = 52, MSE = 0.21, r2 = 0.02; area: N = 52, MSE = 2.21, r2 = 0.11). However, worm volume was strongly correlated with the diam3 of the fecal coil (N = 56, MSE = 0.00002, slope = 0.0055, intercept = 0.0041, r2 = 0.62). These field measurements were confirmed in the laboratory. In the laboratory experiments, fecal mounds were collected immediately upon extrusion; yet, sizes of worms explained only 24% of the variance of volumes of fecal mounds (volume: N = 39, MSE = 0.009, r2 = 0.24). As in the field, the vollume of a worm in the laboratory was signincantly correlated with the cube of the diameter of its fecal coil (diam3: N = 28, MSE = 10.0000 1, slope = 0.0064, intercept = 0.00 11, r2 = 0.83). The r2 was much higher in the laboratory than in the field, probably due to the freshness of the fecal coil being measured. The dry weight of a worm was significantly correlated with the cube of the diameter of its fecal coil (N = 28, MSE = 0.00001, slope = 0.020, intercept = 0.0003, r2 = 0.74). As expected, dry weight of worms was significantly correlated with worm volume (N = 28, MSE = 0.09, slope = 3.1077, intercept = -0.1308, r2 = 0.89). Statistical analyses-The data were anaThe significant relationship of worm volume lyzed with the Statistical Analysis System for with diameter of fecal coil allowed us to detect replacement of one worm by another at a given spatial location when the two worms differed in size. Our ability to detect new worms at a spatial location depended on the distribution of worm sizes in the population. In 1989 and 1990 the C.V. of fecal coil diameter was 19.6 and 23.9, respectively, indicating considerable variation for a morphologically based character, as one would expect for a population of mixed size (Simpson et al. 1960) . Within a quadrat, values for fecal coil diameter had little overlap. Typically no more than two individuals had the same fecal coil diameter and most sizes were represented by only one individual, even with > 20 individuals in a quadrat. Also, no size-dependent gradient in distribution was found either across all transects or within individual quadrats (majority of r2 values < 0.10). Thus, we have no reason to suspect that individuals with identical-sized fecal coil diameters would replace one another more frequently than individuals of different sizes. Individuals of A. pacijica can be identified therefore by mapping their surface fecal mounds and measuring the diameter of their fecal coils. We confirmed this before the mapping exercise by excavating two 0.25-m2 areas of measured fecal mounds. The sizes of the recovered worms were not significantly different from those expected from the regression of fecal coil diam3 on worm volume (x2 = 0.0 11, P 1 0.99). Excavated areas that were previously mapped indicate that > 50% of the individuals are active (i.e. defecating) during the daily observation period (Table 1) . A large percentage of the population can thus be both mapped and sized without disruption, as is necessary if one is to determine the spatial persistence and relative activities of individuals.
At termination, the quadrats were dug to a depth of 25 cm to determine the ratio of fecal mounds to worms and to confirm that large rocks, clay pockets, and other uninhabitable materials were not present below the sediment surface. They were not. This species of arenicolid burrows quite slowly and rarely builds a burrow deeper than 20 cm. Because not all worms defecate (e.g. Woodin 1984), the number of worms recovered exceeded the number of fecal mounds observed (Table 1, A). In 1990 Abarenicola had a very good recruitment year so that a large number of very small individ- uals were present in the May 1990 transects. As one might expect from the very small worm sizes, our recovery of worms was lower during the May observation period in 1990 than during the June observation period of 1990 (Table  1 , B and C). In 1989 the average worm was 1.18 ml (SD = 0.68); at the end of the May 1990 observation period the average worm was 0.71 ml (SD = 0.45); at the end of the June 1990 observation period in a site at the same tidal height but laterally displaced from the May transects, the average worm was 2.38 ml (SD = 0.83).
To determine the frequency of defecation as a function of worm size, we placed 30 individuals into sieved (0.5-mm mesh) field sediments in the laboratory and continuously observed them for 4 h. These individuals ranged in volume from 0.2 to 4.5 ml. The average time interval between defecations was correlated with the worm's volume (N = 28, MSE = 58.91, r2 = 0.52). This significant relationship contrasts with the observation that the relationship of the volume of the fecal mound to worm volume, both in the laboratory and in the field collections, had an r2 of x0.24. Smaller individuals defecate more frequently than larger ones, but the volume of their fecal mound is poorly predicted by worm size.
Spatial and temporal persistence-To establish the spatial persistence of individual Abarenicola, we determined the spatial coordinates and diameters of fecal coils for all fresh fecal mounds in twenty 0.25-m2 quadrats daily for 16 d in 1989. Individuals were said to be in the same spatial position if the center of their fecal pile remained within a 3-cm2 area. Because individuals vary in their defecation rates (Woodin 1984) , if an individual of a given size disappeared and then reappeared in the same location after an absence of only 1 d, it was counted as having been continuously present. Of the 206 Abarenicola present for > 2 d, 68% failed to appear on at least 1 d. However, of the two individuals counted as present for 11 d, one was seen on every day. Similarly, 18 and 29% of those counted as present for 5 and 6 d respectively were present continuously. The estimates for the average times individuals remained at a location were quite conservative, because individuals seen on day 1 and not on day 2 or 3 were counted as having been present for only 1 d, as was also true of individuals seen for the first time on day 16. These individuals represent 26% of the total in 1989, biasing the data set toward shortest residence times. The average length of time that a worm remained in an area was 3 d, with a minimum of 1 d and a maximum of 12 d (Table 2, A).
Individuals mapped in 1990 also remained in lthe same location for several days (Table 2 , B (and C: these transects were followed for shorter time periods than in 1989 so maximum possible stays were shorter). Individuals did therefore show spatial persistence over a period of several days. Because individuals de&ate about every 22 min when covered with water (laboratory observations: N = 28; mean, 22 min; SD = 10.9), a site occupied by an arenicolid would experience > 196 defecatio n events over a 3-d period. In the laboratory observations the mean volume of sediment in a d.efecation event was 0.3 ml (SD = 0.11) or 58.8 ml of feces over a 3-d period.
Although defecation timing is correlated with worm size, the spatial persistence of individuals is not strongly correlated with size (N = 368, MSE = 2.59, r2 = 0.009). The probability a worm will move is thus not size-dependent, while the probability it will defecate within a given time interval is (time between defecations vs. worm volume: r2 = 0.52).
To determine whether the spatial distributions of Abarenicola were random, even, or clumped, we used Morisita's index of dispersion (Poole 1974) . One out of three quadrats in 1989 and four out of five in 1990 showed significant clumping. In most cases clump size appeared to be on the order of 5 .O-6.25 cm across. A 5.0-cm patch, including the l.O-cm halo around each worm, would have an area of 13.1 cm2, 4.2 times the error of estimate of an individual worm's spatial position.
To determine whether all areas of a quadrat were equally likely to be occupied by arenicolids and thus subject to biogenic disturbance, we superimposed all of the daily maps for each quadrat. In some quadrats >90% of the area never contained fecal mounds during the 16-d ob,servation period (Fig. 1 A) , while others had fecal mounds scattered over most of the surface (Fig. 1C) . Visual inspection of the daily maps for 1989 and 1990 suggested that some areas were consistently disturbed by Abarenicala while other areas of the same quadrat were not.
To confirm this apparent persistence of patches, we made composite maps of occupation of four quadrats. We used the same three quadrats from 1989 previously used for the Morisita calculations plus one additional quadrat that had the next highest densities (14 rather than the minimum 15 per 0.25 m2). Given that worms remained in the same locations for -3 d (Table 2) , we divided our data into 3-d increments and constructed a map of each worm's spatial position for each 3-d period. If the positions of different worms were within 5 cm of one another, they were said to be a member of a patch. We used 5 cm because this was the common patch size (Morisita's index of dispersion). The center of each worm's spatial position was surrounded by a halo of radius 1.0 cm representing our error of estimation of its true position. Outlines of patches consisted of the shortest distance from the halo of one worm to the halo of the next. The maps of a given quadrat and 3-d period were superimposed, allowing us to determine whether areas designated as patches (i.e. occupied by two or more worms during a given period) remained as patches. Areas of patches and of patch overlaps were determined with a video digitizer. Sixty percent or more of the worms were members of a patch (Table 3 ). The persistence of the patches of disturbance is shown in Fig. 2 . Using patches seen on a given date (observation day 0 in the figure), we superimposed maps made on previous dates (negative dates) and subsequent dates (positive dates) to determine the persistence of any portion of the patch ( Fig. 2A) as well as the actual areal persistence of the patch (Fig. 2B) . All dates were used as day 0 and compared to all other dates. Most interestingly, patches showed more temporal persistence than did single individuals. Many patches remained as areas of biogenic disturbance for the entire 16 d (Fig.  2A) .
Discussion
Biogenic modification of sediments by some infauna appears to influence the recruitment and distributions of other species (e.g. Brey 199 1; Woodin 199 1). The magnitude of the effect is likely to be a function of the spatial and temporal persistence of the change in sediment characteristics. Persistence of biogenic sediment change is influenced by the rate of physical disturbance of the habitat and by the spatial persistence of the organisms responsible for the sediment change. For organisms such as arenicolid polychaetes which disrupt the sediments through feeding and defecation, the spatial persistence of the visible biogenic effect is very closely linked to the organism responsible for the effect. For these reasons we chose to work on an arenicolid with obvious de:fecation mounds-A.
paczjka. Individuals showed considerable spatial pe:rsistence. On average, Abarenicola stayed within the same 3 cm2 area for 3 d (Table 2) ; however, some individuals remained in the same locations for > 11 d, which is consistent with observations on fecal casts of Arenicola marina (Rijken 1979; Brey 199 1) . Even more revealing were the maps of areas occupied over the observation periods. Much of the area of m,any quadrats was never occupied by active, defecating worms while other areas were heavily populated (Figs. 1 and 2 ). Worms were very localized, occupying < 5% of the surface (Table 3 ). The worms were often highly clumped, particularly in 1990 when densities were higher than in 1989. Patches that contained defecating arenicolids during any portion of the period of observation continued to show activity over the entire observation period ( Fig. 2A) . There is therefore a high spatial variance in the intensity of biogenic sediment modification that is temporally persistent (Tablles 2 and 3, Figs. 1 and 2 ). Therefore on a scale of 0.25 m2, some localized areas experience high intensity of sediment turnover and others experience none. This areal difference in biogenic disruption is likely to result in simple arithmetic averages of biogenic effects being biased. Unfortunately, without prior knowledge of temporal and spatial patterns such as those given here, the degree of bias is unknowable.
The frequency of movement by Abarenicola is not correlated with size (field data: N = 368, MSE = 2.59, r2 = 0.009), but smaller worms defecate at shorter time intervals than larger individuals (lab data: N = 28, MSE = 58.91, 9 = 0.52). However fecal mound volume is poorly correlated with worm size (lab data: N = 39, MSE = 0.009, r2 = 0.24). A site occupied by a small worm will therefore experience more frequent defecation events than a site occupied by a larger worm. What this means for the importance of biogenic disruptions by small vs. large worms is unclear. In experiments with juveniles of a bivalve Mercenaria mercenaria and a polychaete Nereis vexillosa, both responded immediately to any size of simulated defecation event and moved until they escaped from the area of sediment disturbance (Woodin and Marinelli 199 1) . If this is generally true, then areas surrounding small worms may show higher rates of emigration, at least by juveniles, than those surrounding large worms of the same species. Of course the size of the area disrupted may in some cases be strongly related to the size of the worm. In species that feed on the surface, one would expect the size of the area disrupted to be positively correlated with organism size (Roe 1975; Levin 198 1; Anderson and Kastenack 1982) . In such cases emigrating individuals must move farther to escape the activities of large individuals than those of small individuals.
The apparent conflict between the field experiments demonstrating the impact of some infauna on other members of the assemblage and measurements of sediment movement by physical processes may be due in part to the assumption that organisms do not show spatial and temporal persistence and that spatial averages of organismal activities can therefore be used. On the basis of the sizes and rates of defecation reported here [(lab data) time between defecations: N = 28, 22.0 min, SD = 10.9; (field data) fecal volume: N = 52, 0.56 cm3, SD = 0.46; fecal area: N = 52, 1.42 cm2, SD = 0.831 and a sediment density of 2.2 g ml-l, the rate of sediment turnover per individual is 3,360 mg h-l. Extrapolating from the population densities of Table 3 , one would expect sediment turnover of only 32.7 mg crne2 h-l averaged over a 1 -m2 quadrat ( Table 4 ). However that assumes the worms are active across the entire quadrat and they are not (Figs. 1 and 2, Table 3 ). Adjusting for their distributions, one expects 646.8 mg cm-2 h-l in the occupied zone and none in the rest of the quadrat. Obviously the error introduced by aver- aging over 1 m2 depends on the degree of occupation of the quadrat, the distribution of the individuals, and their spatial persistence. In this case the error is a factor of 20 x . Note that the error derives from spatial persistence and therefore is a function of the percentage of the surface that is biogenically disturbed (Table 4) .
In evaluating the significance of this result it is important to consider the physical movement of sediments upon which biogenic changes are superimposed. Miller and Sternberg ( 1988) reported rates of sediment transport by waves for 4 d in October 1984 from our study site. During 2 of the 4 d they observed little sediment transport; on the other 2 d they observed moderate to high levels. They provided us with their data for average horizontal flux without regard to direction. From their graph the 25, 50, 75, and 95 cumulative percentiles of sediment flux were 0.7, 2.5, 6.7, and 16.5 mg cm-2 s-l. Thus, the median geophysical sediment flux was 2.5 mg cm-2 s-l or -14 times the rate of biogenic disturbance within arenicolid patches (Table  4) . If one used the biogenic rates averaged spatially without regard to arenicolid location, the rate of physical sediment transport would be 275 times the rate of biogenic disturbance (Table 4).
On the 4 d for which data on rates of physical sediment transport are available, the median physical transport rate exceeded biogenic rates of deposition on an hourly basis by 14-fold. Note the variance in these rates: 25% of the time the physical flux rate was I 0.7 mg cm-2 s-l (-4 times the biogenic rate); another 25% of the time it was ~6.7 mg cm-2 s-l (at least 37 times the biogenic rate). Each biogenic event, however, involves -868 mg cm -2, while each physical one involves 3 5 mg cm-2. Despite a large variance in physical flux, it is still much more constant than the highly episodic biotic flux. The physical events are more numerous but smaller in magnitude. Unfortunately, Miller and Sternberg measured geophysical rates on only 4 d. These data are very diflkult to collect, so we are fortunate to have even these 4 d of data.
The significance of these differences depends on the scale with which the infauna perceive their habitat. If they perceive it as the average of the usual investigator quadrat of 0.25 m2, then physical transport dominates at least 50% of the time (Miller and Sternberg 1988) . If however the organisms perceive it more locally, then the dominating factor will depend on the location of the individual within the 0.25 m2 (Fig. 1) . The rapid immigration resp#onse of infauna to sediment deposition (Woodin and Marinelli 199 1) suggests that local conditions are very important and that spatiall and temporal averages may trivialize important phenomena.
In this context the impressive temporal persistence of patches (B 50% continue to show biogenic activity over the 16-d observation period, Fig. 2A ) is very interesting. The persistence of such patches illustrates the predictability of biogenic disruption of an area, independent of the spatial persistence of individual arenicolids. On average, individuals persisted for only 3 d (Table 2) , although patches persisted for more than 16 d (Fig. 2A) . Thus sites of high biogenic disruption have spatial predictability.
It is the perception and spatial scale of the infaunal organism that is important, not that of the investigator.
Cbnclusions
The spatial persistence of organisms such as Abarenicola and their effects on the recruitment and distribution of other organisms in the assemblage is clearly important. Given the clumped distribution of Abarenicola (Fig. I ), tlhe length of time individuals remain in one location (Table 2) , and the spatial persistence of areas of biogenic disturbance in excess of the spatial persistence of individual worms (Fig.  2) the effects of these worms on the sedimentary assemblage are not appropriately described by spatial averages. Arenicolid polychaetes are not unique in these characteristics. Tellinid bivalves, terebellid polychaetes, he-michordates, thalassinid crustaceans, and a variety of other organisms are known to affect significantly both the distributions of surrounding organisms and the properties of the sediments through their activities and to show spatial persistence (Aller 1982; Rhoads and Boyer 1982; Woodin and Marinelli 199 1) . Failure to incorporate the persistence of such species and their sediment effects into our models will lead to gross underestimates of the importance of such organisms as determinates of distributions and abundances.
